We apply a spatial price equilibrium model of the world sugar market to simulate an abolishment of the EU quota system in 2015/16. To overcome the normative nature of the approach, we calibrate the model by attaching a non-linear cost term to each trade flow. This is in some regards similar to positive mathematical programming. We suggest an economic interpretation and an econometric specification of the cost term. Production in the EU increases to almost 16 million tons. Twelve member states increase production, seven reduce it. Preferential imports are significantly reduced. Simulated effects are found to be more pronounced the higher the world market price.
Introduction
The reform of the European Union's (EU) common market organisation for sugar entering Agricultural Economists, however, while acknowledging the success of the reform with respect to the specified objectives were disappointed by some specific aspects which led to a needless loss of efficiency. In particular, they criticised that free movement of quotas especially between member states is still not possible and that the incentives set by the restructuring scheme led to the persistence of sugar sectors in member states that are not competitive. A proper implementation of one or both of these measures could have facilitated ---a structural adaption of the EU sugar industry embodying a full concentration of production in regions with a comparative advantage for beet production and of processing enterprises being able to optimally exploit economies of scale .
The current CMO is expiring after the sugar marketing year ( negotiations does not seem very likely in the next five years. However, increased competition within the EU alone can be expected to lead to a substantial structural reallocation of sugar production to more competitive regions. It will also most likely lead to discouragement of a part of the preferential imports from ACP, LDC and others and thus to an increased market share of domestic producers. In case of world market prices as high as currently, it seems even possible that the EU might re-emerge as an exporter of sugar on the world marketwithout export refunds, although it is highly questionable whether this current high level of world market prices is sustainable in the medium and long run.
The objective of this paper is to model the abolishment of EU sugar quotas in 2015/16 in order to analyse its impact on production, prices and imports of the EU. For that purpose, An ESTJ 4 spatial price equilibrium (SPE) model is applied. The preferential imports of the EU, which are next to quota bound production and relatively stable consumption the only variable element in the current market balance, are of crucial importance for the effectiveness of the EU sugar policy. They are also of interest of their own, though, since for the countries of origin, they are a major source of export earnings and agricultural gross domestic product (GDP). Therefore, the SPE model, which is particularly suited to simulate bilateral policy changes for homogeneous products, is an adequate choice as a tool for this analysis. The approach is known, though, to perform poorly in reproducing observed trade matrices. To overcome this problem we calibrate the model by attaching a non-linear cost term to each trade flow. This approach is similar to positive mathematical programming (PMP), a method ---developed in the 1990s to solve the problem of normative farm or sector supply models being unable to reproduce an observed set of decision variables.
The abolishment of quotas in the EU can be viewed as a structural break in the sugar policy with the potential to induce a considerable reallocation of production between member states.
As a consequence, isoelastic supply functions, whose parameters are estimated over a rather limited range of observed price variations, will have difficulties in properly depicting the supply response to this structural break, most notably the possible liquidation of sugar industries in some member states. Thus, we decided to employ a different functional form, which will be described in more detail below.
In the next section, we will give a short overview of the modelling approach. In section three, we will define the scenarios with respect to the development of the world market price, which will be a crucial determinant of the imports of various preferential trading partners, of possible exports of EU producers, of the price level on the community market and thus of the level of production and the structural consolidation of the EU sugar industry. In section four, we present and discuss the results and in the final section, we draw conclusions with respect to both the stated research objective and the adequacy and potential of the applied model.
The modelling approach

The original SPE model
The model we use for the simulation of the scenarios formulated in section three has first been developed and described by Nolte (2008a) and since been applied for the simulation of various scenarios of EU and world sugar policies (Nolte, 2008b; . For reasons of transparency and flexibility, it is formulated as a Mixed Complementarity Problem (MCP) rather than an optimisation problem . In its basic, uncalibrated version, the equations of the model are as follows:
Endogeneous variables are written in capital letters while exogenous parameters are written in lower case letters. 8) with i being the set of consuming regions, j the set of producing regions and sch being the set of different schemes under which sugar can be traded between two regions. Equations (1) and (2) represent demand and supply functions. In the isoelastic demand equation, D i stands for demand in country i, PD i for the consumer price, and c_subs i for consumer subsidies. β i is the (negative) own price elasticity of demand and α i is a calibrated intercept. S j represents supply in country j, PS j the producer price and p_subs j producer subsidies. Supply functions are isoelastic for most regions. In isoelastic supply functions, the parameter γ j is zero and the exponent ε j is the own price elasticity of supply. For some beet producing countries, among them the EU member states, the additive parameter γ j is negative which allows production to cease at a positive price (Nolte and Grethe, 2007) . The MAX-function ensures supply cannot assume negative values. Ending Stocks EST i (3) are modelled as a share (stock_shr i ) of domestic consumption and as a function of the domestic price. ζ i is a calibrated intercept and η i is the elasticity of stockholding with respect to the own price. In Equations (4) and (5), X sch,j,i represents trade flows from country j to i (including domestic sales) under scheme sch.
Total demand in region i plus the ending stocks cannot exceed the sum of shipments to that region and total trade flows from region j cannot exceed the regions total production plus opening stocks ost j . The latter are identical to the ending stocks of the previous period.
Complementary slackness provides for consumer and producer prices to become zero if the equations do not hold with strict equality. Equation (6) requires production of region j to be smaller or equal than the production quota of that region. If supply falls short of the quota, the quota loses its value and the quota rent PPQ j becomes zero. Equation (7) limits trade flows under certain schemes to a tariff rate quota (TRQ), trq sch,i,j . If the TRQ is not filled, complementary slackness provides for the quota rent PQ sch,j,i to become zero. Equation (8), the price transmission equation, requires that the duty paid price of imported sugar be either larger than the domestic price in the import market -in which case no imports take place -or equal to the price in the import market -in which case imports do take place. The duty paid price of imported sugar on the import market consists of the marginal costs of production (PS i ), any rents for production quotas and for TRQ, transportation costs from factory to port (exw_fas j ), loading and unloading costs for ocean vessels (loading j , unloading i ), ocean freight rates (freight j,i ), transaction costs (tc sch ), ad valorem and specific tariffs (tar_av sch,j,i , tar_sp sch,j,i ), export subsidies (exs sch,j,i ) and transportation costs from the port or the factory to the wholesale market (inld_transport i ).
Critique of the SPE model and response
The SPE model in its original form essentially behaves as a normative i.e. optimisation model notwithstanding it usually being used as a tool of positive economic analysis. The Linear Programming (LP) formulation of the transport module is technically restricted to a non-degenerate solution of a maximum of 2n-1 trade flows, n being the number of regions.
The model suffers thus from two sources of misspecification which usually prohibit it from reproducing an observed matrix of trade flows, even if all real world constraints were captured adequately, which is also almost impossible for a sufficiently complex model. First, the solution of the normative transport model represents an optimal situation, which is usually not the case in reality, inter alia due to the conditions of full information and rationality of all agents not being fulfilled. Second, however well the (linear) model is specified, the restriction to a maximum number of trade flows does not allow to replicate observed trade matrices for most products which contain a larger number of observed trade flows. In particular, it does not allow for cross-hauling. As a consequence, the model performs poorly in reproducing observed matrices of trade flows as is noticed by many authors (Bröcker, 1988; Harker, 1988; Batten and Westin, 1989; Roy, 1990; Ostrovsky, 2005; Nolte, 2008b , to name but a few), some of which also tried to offer alternative approaches for the modelling of spatial trade in homogeneous commodities. None of these, however, proved successful in replacing the SPE model.
As a consequence of the mentioned points of critique and various observed trends in international agri-food trade, notably the growing importance of intra-industry trade, consumer concerns about food safety and the emergence of biotechnology in agriculture, Sarker and Surry (2006) argue that trade models resting on the assumption of homogeneous products will in future be 'less and less suited to study trade in agri-food products'.
Some recent developments on global agricultural markets, however, seem to point in another direction. In mid 2007, for instance, the sugar refining industry in the Persian Gulf, which had by then been supplied entirely by raw sugar from Brazil, switched completely to raw sugar of Indian origin for a period of more than a year. Indian sugar had become competitive, because the country had a large exportable surplus in that year and ocean freight rates surged at the same time, affecting freight costs from distant Brazil relatively stronger (ISO, various issues). This example clearly rebuts the assumption of product heterogeneity for the case of raw sugar. In fact, no existing spatial modeling framework allowing for cross As a consequence, while the hypothesis of Sarker and Surry appears to be valid for processed agri-food products, it must be rejected for agri-bulk commodities, especially those not intended for final human consumption, as is the case with the two examples discussed above. For these cases, we rather advocate a modification of the SPE framework, which is able to cope with the described problems as an alternative to the original SPE on the one hand and to models resting on the assumption of heterogeneity with regard to origin, the so-called Armington (1969) assumption on the other hand. Nolte (2008b) suggests to overcome the problem of non-reproducibility of observed trade matrices by attaching additional cost terms to each trade flow, an approach that was originally developed by agricultural supply modellers (Howitt, 1995) to overcome a similar problem as the one we deal with in trade modelling: The solution of an LP farm or higher aggregate supply model did not reflect the observed production program of the farm. The reasons are similar to those we mentioned already: The neoclassical assumptions are not fulfilled in reality and the number of activities is bound by the number of binding, linearly independent constraints, besides the fact that all models suffer, of course, from the fact that real world constraints cannot be captured fully in the model.
The calibrated SPE model
In the case of SPE as well as supply models, it is necessary that the additional cost terms be at least partly non-linear in order to overcome the limitation in the number of trade flows and activities. The absolute value of the additional cost terms as well as their first order derivative will have a large influence on the simulation behaviour of the model. It is therefore essential that both be empirically well-founded. The absolute size of the cost term is determined endogenously by the calibration procedure, but only for trade flows and activities that are observed in the base equilibrium. The first order derivative of the cost term needs to be positive in order to avoid non-convexities of the model which would lead to multiple local rather than one global optimum of the model. In reality this would mean, that the costs of trade between two regions are increasing with the amount of trade of the product in question.
However, an increase in freight costs cannot be observed, and there are good arguments to even assume the contrary, decreasing freight costs due to economies of scale. Furthermore, discussions with traders led to the result that an SPE model parameterised with empirically well-founded freight costs proves to be an excellent indicator of local prices.
For the specification of the calibrating cost terms, these considerations lead to three important conclusions. First, the first order derivative of the cost term does not reflect freight costs, but other component(s) of total trade costs, usually summarised as transaction costs.
Second, this first order derivate cannot be all to large, since otherwise it would conflict with the observation of the SPE's high predictive power for prices. Third, the absolute size of the cost term for non-observed trade flows can be very well approximated by the freight cost.
An attempt to calibrate SPE models which is similar to ours has recently been made by Paris et al. (2009) . In their approach, they tackle the net trade position of a country by attaching linear cost terms to trade flows. As a result, the model is not only able to reproduce an observed net-trade position of a country, but also to reproduce observed local prices and to eliminate inconsistencies in observed trade costs. Due to their calibration term being linear, however, the model is still limited to 2n-1 trade flows, and thus not able to reproduce observed trade matrices, or more precisely, only as one solution out of an infinite number of possible solutions due to their model not being strictly convex, at least in the base period.
As a possible explanation of how transaction costs are influenced positively by the volume of trade between two regions, we use the hypothesis that exporters in one country pursue a risk minimising strategy by diversifying their export destinations. Heckelei (2002) illustrated that the presence of risk can provide a justification for a non-linear objective function in the case of calibrated constrained supply models. The same argument is applicable to trade models where traders have to manage risk. In particular, they might want to insure themselves against price crashes in specific markets and thus be willing to export to markets where lower than optimal fob prices for their products can be fetched. They also might be willing to sell for a lower than optimal fob price in order to be present in certain markets which could potentially become optimal fob price destinations.
To test the hypothesis of increasing transaction costs as a function of the quantity traded between two regions, the model is solved with all quantities, prices and rents fixed exogenously and trade costs variable. This step, which in some aspects is analogue to the first step of classical PMP, is performed for six consecutive years, for which data on production 6 One fundamental difference between our approach and the analogue first step of original PMP is, however, that we use a priori information on the value of rents. In doing so, we avoid the inconsistency of the first step of PMP as described by Heckelei and Wolff (2003) . In the next step, we compare these trade costs to observed freight rates and calculate the difference. On routes where trade is both observed and simulated by the normative, uncalibrated version of the SPE, this difference is zero. In case trade is observed, but not simulated by the model, the difference was negative. In cases where trade is not observed, but simulated, which happened very rarely, the difference is positive. In the next step, an OLS (ordinary least square) regression of the relationship between the trade cost difference and the share of the trade on one route in the total production of the exporting country is performed. Many trade flows that occur, though, are not determined by economic reasoning of the involved agents, but rather politically induced.
That is, of course, the case for trade that occurs under TRQs, but unfortunately also in less obvious situations, such as for instance the former C-sugar, now out-of-quota sugar, exports of the EU which are not directly subsidised, but are also not flowing freely, since the set of destinations is determined by the licensing policy of the EU. Another case are the exports of ---6 Unfortunately, the quality of the bilateral trade data is rather poor (Nolte, 2008a) and the data needs to be processed to match the balances of supply, demand and stock changes. This affects the reliability of the estimations.
Cuba to China and Russia. To avoid a bias in the estimation results from that direction, we include only those observations where we can be relatively sure they follow economic rather than political rationales, i.e. those by established exporters of sugar at world market conditions. 7 The regression confirms the hypothesis that per unit trade costs increase with the share of domestic production that is shipped to one destination, with a coefficient of 0.614
Euro per percent of domestic production. 8 It also confirms the expectation that this increase is not very large. Although the regression and the coefficient are highly significant, the r 2 of the model is rather low, indicating, that although there is certainly a positive correlation between the two variables, there are other determinants which have a much stronger influence on transaction costs and/or measurement errors of freight costs might have occurred.
In the next step, analogue to the second step of classical PMP, we replace the price transmission equation of the normative SPE by equation (9), containing an additional, calibrated cost term for every possible trade flow. In equation (9), ι is the estimated coefficient of transaction costs as a function of the production share which is traded on one route. θ is a linear parameter 9 , which is calibrated such that when added to ι multiplied by the production share, the result is the identical to the calculated difference between observed freight cost and endogenously determined trade costs in the first step of our calibration procedure. The resulting model perfectly reproduces the observed matrix of trade flows, analogue to the third step of PMP.
Scenarios
After the expiry of the current CMO as of the MY 2015/16, we use as a reference scenario for our analysis the continuation of current policies, specifically, current levels of quotas and tariffs. Our main counterfactual scenario embodies an abolishment of the quota regulation and
Guatemala, El Salvador, Honduras, Nicaragua, Costa Rica, Colombia, Brazil, Argentina, South Africa , Thailand and Australia. 8 The regression equation is: Cost difference / ton j,i = β 0 + β 1 * production share + ε j,i ; R 2 : 0.024; F-test: 0.000. 9 Complying with the hypothesis that exporters are willing to pay a premium to be present in a market, this parameter is negative in most cases. In general, the larger the exports to that market, i.e. the more important this market is for the exporter, the higher this premium.
of any price policy instruments in the current CMO such as private storage aid in case of and undercut reference price or additional import quotas in case of a price surge.
A second dimension of scenarios is derived from different expectations with respect to the development of the world market price, which will especially have an influence on the amount of preferential imports. As a reference, we take projections from FAPRI (2009) and convert the Caribbean fob price for raw sugar in US$, in a middle east cif price for white sugar in Euro. The commonly applied world market price for white sugar is a London fob price. If, however, the EU ceases to export sugar, this price is not applicable anymore. We thus choose the middle east as a reference location, since it is extremely unlikely that that region might change its net trade position. As scenarios for a lower and higher than expected world market price, we deduct or, respectively, add one standard deviation calculated from a ten years time series of world market price observations. These prices amount to 238 US$ and This extra dimension of scenarios would, however, have increased the total number of scenarios to 12 rather than six as it is now. In case of a variation of the applied modalities, which also would have been interesting, the number of scenarios would even increase further.
We, therefore, settled with the two dimensions of world market price development and EU quota policy in order to keep the analysis focused.
Results
The results of the simulation runs are presented in tables 1 and 2 below. Table 1 shows the results for the EU and its member states. In the reference scenario, with a perpetuation of the quota system and standard assumptions about the world market price development (the column is shown in bold letters), the total EU production quota is almost filled with only two member states' production, Greece's and Romania's, falling short. The internal price is at 431 € per ton, and thus comfortably above the reference price which is at 323 € in real terms. 10 Total imports under preferential schemes amount to 5 million tons.
---10 404,40 € in nominal terms.
An abolition of the quota in 2015/16 leads under standard assumptions regarding the world market price to an increase of EU production to 15.8 million tons. The internal price falls to 370 €, discouraging a substantial share of preferential imports which fall to 2.9 million tons.
The world market price is interestingly almost unaffected by the abolition of EU production quotas. Out of 19 member states which continued to produce sugar after the restructuring period from 2006-2009, twelve are simulated to increase their production beyond their quotas after abolition, seven are simulated to decrease production. These are, as widely expected, member states located at the southern and northern peripheries of the EU, including the two member states which are simulated not to fill their quotas already in the reference scenario.
Out of those member states which expand their production, Germany, France and Poland see the largest absolute increase, Hungary, Germany and Belgium the largest relative increase.
In case of a lower world market price of 204 €, the EU price strongly decreases in the nonabolition scenario to 379 €. Production in the EU is affected negatively, with three additional member states not filling their quota. Preferential imports increase as a result of the low world market price. An abolition of the quota nevertheless leads to an aggregate increase of EU production, with 13.9 million tons. This is, however, less than under the standard world market price development. The decrease of preferential imports is also less pronounced.
Under assumptions of a high world market price of 298 €, the community price increases to 490 €. Only Romania fails to fill its quota under the non-abolition scenario. Preferential imports are about 300,000 tons lower than under standard assumptions about the world market price. An abolition of EU quotas under this setting is simulated to trigger a strong production increase to 17 million tons, which is almost equivalent to the pre-2006 level of quotas. Preferential imports, on the other hand, decline sharply to 1.7 million tons. In both instances of world market price variation, the abolition of the quota system does not have a noteworthy effect on the world market price of sugar.
[Insert Table 1 here] Table 2 presents results for preferential imports of the EU under the various policy and world market price scenarios simulated in this paper. The EU currently imports sugar under four different schemes and is simulated do so in 2015/16. The first of these is called CXL.
11
Countries which supplied certain member states prior to their EU membership negotiated these quotas upon accession in order not to be worse of in terms of market access. The This effect of countries increasing their preferential exports in spite of a higher world market price (Ethiopia, Sudan and Zambia) 12 is the -sometimes combined -result of higher production due to an overall increased price level and prices in other (domestic and export) markets increasing less than the community price level. Under the assumption of high world market prices, an abolishment of the EU production quotas for sugar and the resulting price decrease on the community market entirely discourage preferential imports from LDC.
The last group presented in table 2 are ACP countries 13 , which under the EPA will enjoy quota and duty free market access as of 2015/16 as well. Under the non-abolition scenario and standard world market price development, these imports are simulated to be 3.1 million tons at the end of the projection horizon. The abolition of the EU production quota and the resulting price decrease lead to a reduction of these exports by more than one third to 1.9 million tons. Under high world market prices, imports from ACP are 3.5 million tons in the non-abolition scenario. The abolishment of the quota leads to a much smaller reduction than under standard world market price development. Under low world market prices, imports are simulated to be 2.8 million tons. In case of production quota abolishment in the EU, imports fall by more than half to 1 million tons.
---[Insert Table 2 here]
Conclusions
The paper applies a ESTJ SPE model with calibrated non-linear cost terms attached to each trade flow in order to simulate the effect of an abolishment of the EU production quota system for sugar after the expiry of the current CMO in 2014/15. The variables in the focus of the analysis are production quantities, domestic and world market prices, and preferential imports of the EU under various schemes. The strong increase of world market prices in the second half of 2009 shows that preferential imports of the EU can be inhibited by high world market prices since exporting countries may find it more profitable to export to regional markets or to substitute imports on their domestic markets. Therefore, two sub-scenarios taking into account a lower than expected and a higher than expected world market price are simulated.
Under all world market price scenarios, the abolition of quota leads to an increase in production in the EU and correspondingly to a decrease in preferential imports. The higher the world market price, the more pronounced is this tendency. Under no scenario, the EU turns to exporting sugar to the world market again.
If world market prices are developing as projected by FAPRI (2009), production in the EU will increase by 2.5 million tons to almost 16 million tons. Member states in the geographical center of the EU, which are known as more competitive producers of sugar beet, increase their level of production beyond the quota, whereas countries at the southern and northern limits of the community decrease their production. No country ceases to produce sugar under any of the simulated scenarios, although the functional form of the supply curves explicitly allows this to happen. It must, however, be noted that it is questionable whether sectors which are simulated to shrink very strongly are still viable at that level of production.
The simulation revealed that the world market price for sugar by virtue of the abolition of quota limitation of LDC and ACP imports, as well as reduction of the internal price by the 2006 CMO reform has gained a strong influence on the internal price level of the EU. Table 1 shows that under the non-abolition scenario, a world market price variation triggers a movement of the community price in the same direction which in our cases is even more pronounced than the world market price shift itself. This is due to preferential trading partners alternative markets are usually shielded by ad valorem tariffs so the price level on these markets, which they compare with the EU price in order to decide where to ship their exports, also varies stronger than the world market price. Since the quota-bound production in the EU is not price responsive, these price variations cannot be dampened by reactions of EU producers. This changes if the production quota in the EU is abolished. The world market triggered variations of the community price then are merely one fifth of the world market price variations themselves, price variability is thus significantly reduced. The sub-scenarios for different world market price developments must, however, not be confused with temporary price spikes, to which producers, unlike in our model, cannot react. The effects of such price spikes on preferential imports can be expected to be more pronounced than what is shown in our results. While the EU price turns out to be influenced by the world market, the quota policy of the EU proved not to have the potential to prompt a significant effect on the world market price.
The paper also introduced a new method of modelling international trade by calibrating an ESTJ SPE model with quadratic cost terms. This approach goes beyond the work of Paris et al. (2009) , who engaged in calibrating a SPE with linear cost terms, in several regards. With the cost terms being non-linear, we are able to build a strictly convex model which perfectly calibrates to any observed base situation. We, furthermore, offer an economic explanation for the cost functions we introduce and engage in an econometric specification of these. Several questions with respect to the implications and the further potential of this approach are still open and currently being addressed in a technical paper. These are, among others, possible solutions for the immense data requirement for a geographically sufficiently disaggregated model to perform meaningful trade policy analysis and an enhanced empirical base for the estimation of the cost functions.
We apply functional forms for the supply of the EU (and some other beet producing countries) which are different from isoelastic functions and allow production to cease at a positive price. This leads to functions which are very price responsive if compared to standard elasticities from literature. Implicitly, our supply functions have elasticities usually larger than 2, in some cases even more. 14 However, it is commonly acknowledged, that current marginal costs of sugar production in the EU move somewhere between 300 € and 450 € per ton and that EU production is not competitive at prices below 200 € -250 € per ton. The only way, though, to simulate this with a continuous function is to choose one with a rather high price elasticity, which furthermore increases, the closer it moves to zero.
---14 This is also a result of the supply functions being combined beet supply and processing functions. The latter is assumed to be perfectly elastic in the long run.
